Gene coding assignments for growth restriction, neutralization and subgroup specificities were determined for two human rotavirus strains, DS-1 and W, which represent two distinct serotypes. The 4th gene segment of both viruses was associated with restriction of growth in cell culture. The 9th gene segment of W virus and 8th segment of DS-l were associated with serotype specificity, while the 6th gene segment of W virus was associated with subgroup specificity.
INTRODUCTION
Previous studies in our laboratory demonstrated that the ninth double-stranded RNA segment of the Wa strain of human rotavirus coded for a protein involved in virus neutralization, while the sixth gene segment coded for a protein that specified subgroup antigen specificity (Kalica et al., 1981b) . Additional studies linked the fourth gene segment of noncultivable Wa rotavirus with failure to grow efficiently in cell culture (Flores et al., 1982; Kalica et al., 1981b) . These investigations relied on genotypic and phenotypic analyses of rotavirus reassortants derived from the growth yield of cell cultures coinfected with non-cultivable Wa rotavirus and temperature-sensitive (ts) mutants of the UK Compton strain of bovine rotavirus . Reassortants were selected at restrictive temperature and, in some cases, by specific antiserum . In this report we have extended our gene coding studies of neutralization specificity, subgroup specificity and growth restriction to two further strains of human rotavirus, one of which (W) is serotypically related to the Wa virus, while the other (DS-1) is serotypically unrelated (Greenberg et al., 1982; .
METHODS

Virus.
Reassortant viruses were derived from the growth yield of African green monkey kidney or MA104 cells coinfected with a ts mutant (M7 or M1 l) of cultivable UK strain bovine rotavirus and the W or DS-1 strain of human rotavirus . Non-tissue culture-adapted human rotaviruses DS-1 and W were derived from the stool of experimentally infected gnotobiotic calves as previously described (Wyatt et al., 1978) . After trichlorotrifluoroethane extraction, concentration by ultracentrifugation, and trypsin activation (2 ~tg/ml for 1 h), the equivalent of 10 ktg of stool was inoculated onto African green monkey kidney monolayers for reassortment with a ts mutant of bovine rotavirus. The multiplicity of infection of the UK parent was ~> 1. After incubation for 24 to 36 h at permissive temperature (34 °C), reassortants were selected from the growth yield using restrictive temperature (39.5 °C) and, in some cases, specific bovine rotavirus antiserum . Under the conditions of cultivation employed in this study, neither W nor DS-1 virus produced infectious progeny in cell culture. However, both viruses underwent abortive replication as indicated by positive immunofluorescent studies .
Serological testing. The serotype of reassortant viruses was determined by plaque reduction neutralization assay and/or qualitative cytopathic effect neutralization assay (Greenberg et al, 1982; . Subgroup specificity was determined by either ELISA or immune adherence haemagglutination assay .
Genotypic analysis ofreassortants. Virion RNA was isolated and purified as described (Kalica eta/., 1981b) .
Virion RNA from the human rotavirus parents, DS-1 or W, was derived from virus present in stools of experimentally infected gnotobiotic calves. The genotypes of the reassortants derived from the W × UK cross were determined by comparing the electrophoretic mobility of parental and reassortant virion RN As on discontinuous polyacrylamide gels using the Laemmli bufffer system without SDS . In each comparison, parental RNAs were co-electrophoresed with reassortant RNAs and, in all cases, at least two gels of 12~ and 7.5~ acrylamide were analysed. The DS-1 × UK reassortant RNAs were also analysed by co-electrophoresis with parental RNA. In addition, DS-1 reassortant genotypes were studied using a hybridization technique (Flores et al., 1982) . Briefly, 32p-labelled, single-stranded (ss) mRNAs from both parents were synthesized in vitro by employing the endogenous RNA-dependent RNA polymerase present in rotavirus cores (Cohen, 1977) . Reassortant virion double-stranded (ds) RNA was denatured in 90~ dimethyl sulphoxide for 30 min at 40 °C. The denatured virion RNA was mixed with 32P-labelled ssRNA probe and precipitated with 3 vol. ethanol at -20 °C overnight. The pellet was dissolved in a bufffer containing 100 mM-NaC1, 50 mM-Tris-HC1 pH 8-0 and 0.1 ~ SDS. Hybridization took place at 72 °C for 16 h and the reaction mixture was again precipitated with ethanol. The precipitate was treated with 100 units SI nuclease (BRL) for 30 rain at 37 °C and then mixed with sample bufffer and run in polyacrylamide gels at 10 to 15 mA constant current. Gels were analysed by u.v light after ethidium bromide staining, dried and autoradiographed. Under the hybridization conditions employed, UK virus and DS-I virus exhibited very limited homology, i.e. no hybrids were formed with migration characteristics at all similar to the homologous dsRNA seen on the ethidium bromide-stained gel.
The electrophoresis conditions used in these studies did not enable us to separate the 8th and 9th gene of UK rotavirus. In all cases, these genes migrated as a single band.
RESULTS
The genotypes of 16 separate reassortants derived from coinfection with human rotavirus DS-1 andts bovine rotavirus UK were determined by hybridization and polyacrylamide gel analysis and are shown in Table 1 . In most cases, each of the 11 genes could unambiguously be assigned to one or the other parent. Among the 16 reassortants studied, at least 13 different genotypes were detected. Of interest was an apparent RNA gene segment inversion between DS-1 and UK virus. The 10th segment of the bovine virus appeared to be functionally equivalent to the 1 lth segment of DS-1 since it substitutes for this segment in most of the reassortants (Table 1) . Representative examples of hybridization analysis of 32p-radiolabelled parental ssmRNA probe and reassortant and parental virion dsRNA electrophoresed on polyacrylamide gels are shown in Fig. 1 and 2. In addition, Fig. 1 includes a conventional electrophoresis analysis of a reassortant rotavirus genome where the parental origin of individual genes can be determined by comparing the relative migration of RNA segments in the gel (Kalica et al., 1981b) . The hybridization technique frequently augmented the conventional technique for determination of parental origin of reassortant genes, especially for segments 2, 3, 8 and 9. Occasionally, anomalous bands were seen on the autoradiographs. These bands did not co-migrate with the virus dsRNA bands visualized by ethidium bromide staining and they were less intensely labelled. They most probably represent partial hybrids between heterologous RNAs. Such an anomalous band is found at the bottom of lane 2 in Fig. 2 .
The serotype of each reassortant is indicated in Table 1 . Subgroup specificity was not assayed in these reassortants, since both parents are subgroup 1 viruses (Kapikian eta/., 1981) . The five reassortants with bovine neutralization specificity were selected at 39.5 °C without the use of antiserum, while the 11 reassortants with human rotavirus DS-1 neutralization specificity were selected in the presence of bovine rotavirus antiserum. Analysis of serotype and genotype of the 16 reassortants in Table 1 indicate that DS-1 gene 8 always correlated with human rotavirus DS-1 serotype. The other DS-1 gene segments segregated independently of serotype.
Ten of the 11 DS-1 genes were found in one or more cultivable reassortants (Table 1) , the exception being DS-1 gene 4. Similar findings have previously been described for human rotavirus WAx UK bovine rotavirus reassortants (Flores et al., 1982) .
The genotypes of 10 reassortants derived from the co-infection of human rotavirus W strain and ts bovine rotavirus are shown in Table 2 . The parental origin of most of the RNA segments could be assigned. The 10 reassortants include at least nine distinct genotypes. Reassortants with a W serotype were selected at restrictive temperature with bovine rotavirus antiserum; Fig. 2 . Analysis of the genotype of UK x DS-I reassortant 17-1 by hybridization using 3zp-labelled ssRNA. Lane 1, unlabelled denatured dsRNA from reassortant 17-1 hybridized with labelled ssRNA from DS-1 virus; lane 2, unlabelled denatured dsRNA from reassortant 17-1 hybridized with labelled ssRNA from UK virus. Electrophoresis was carried out on a 7-5% acrylamide gel. The gene assignments of reassortant 17-1 can be found in Table 1 . reassortants with bovine rotavirus serotype were selected at 39.5 °C without antiserum. An inversion was noted between the 7th segment of W and the 8th or 9th gene segment of UK rotavirus. For this reason, some reassortants had two parental 8th or 9th genes and some had two parental 7th genes ( Table 2) . Examination of the genotypes and phenotypes shown in Table 2 disclosed that the 9th gene segment of the W strain human rotavirus was the only gene that segregated with the human rotavirus strain W neutralization specificity. In addition, the subgroup specificity of the individual reassortants always segregated with the 6th gene segment ( Table 2) . As previously noted, the 8th and 9th gene segments of UK virus comigrate under the electrophoresis conditions employed; hence differentiation between the two genes was not possible . As observed previously with DS-1 and Wa virus, each of the W strain parental genes, except segment 4, was detected in one or more of the cultivable reassortants (Table 2 ). This gene was never detected in any of the 10 cultivable reassortants.
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DISCUSSION
Previously, we showed that the 9th gene.segment of human rotavirus Wa strain was associated with virus neutralization while the 6th gene segment coded for subgroup specificity. In addition it appeared that the 4th gene segment of Wa rotavirus was responsible for its restricted growth in tissue culture. By plaque reduction neutralization assay, the W strain of human rotavirus is similar, if not identical, to the Wa strain . Also the Wa and W strains belong to the most commonly recovered human rotavirus serotype (Greenberg et al., 1982; . The present study indicates that the similarity of these two strains also extends to gene coding assignments for serotype and subgroup specificity as well as growth restriction in culture. In addition, the two viruses have an identical inversion in electrophoretic mobility of genes 7 and 8 or 9 compared to UK virus.
On the other hand, the DS-1 strain of human rotavirus is not related to the W and Wa viruses in neutralization assays (Greenberg et al., 1982; . In addition the DS-1 strain has a distinct subgroup specificity and behaves uniquely on electrophoresis . Gene coding assignments for the DS-1 strain showed that the 8th rather than the 9th gene segment coded for a protein involved in virus neutralization. However, as with the W and Wa strains, the 4th gene segment of DS-1 was responsible for failure to grow efficiently in tissue culture. The current genetic studies of DS-1 support the biochemical data of Dyall-Smith, that indicated an inversion of segments 10 and 11 of a DS-l-like human rotavirus compared to Wa virus (Dyall-Smith & Holmes, 1981) .
In three separate human rotavirus strains, the 4th gene segment has been associated with restriction of growth in tissue culture. Biochemical studies of SA 11 virus indicate that the 4th gene codes for a structural surface protein that can be modified in vitro by the proteolytic action of trypsin (Estes et al., 1981) . The relationship of the 4th gene product to growth restriction and requirement for proteolytic activation of infectivity in vitro and in vivo requires further study. There appears to be at least a partial analogy between this gene segment and the Mz gene of reovirus (Rubin & Fields, 1980) .
As with Wa and UK viruses, the 6th gene segment of W virus codes for subgroup specificity. Assignment of subgroup specificity in the UK x DS-1 reassortants was not possible, since both viruses belong to the same subgroup. Previous biochemical~studies have shown that the 6th rotavirus gene product is the major 41000 dalton internal structural protein (Mason et al., 1980; Smith et al., 1980) . The present study confirms the association of this gene with rotavirus subgroup antigen specificity . In light of the antigenic heterogeneity found in internal proteins of influenza virus, it is not surprising that such heterogeneity also exists among rotaviruses (van Wyke et af., 1980) . Currently only human rotavirus isolates have been shown to carry subgroup 2 specificity while both animal and human strains have been identified with subgroup 1 specificity . Further analysis of additional animal strains is needed to substantiate the apparent absence of subgroup 2 specificity among animal strains.
McCrae and co-workers have shown that the 8th gene segment of UK rotavirus codes for Vp7c, a surface glycoprotein, presumably the protein involved in virus neutralization (McCrae & McCorquodale, 1982; Faulkner-Valle et al., 1982) . In those studies considerable effort was made to separate the 8th and 9th segments of the UK virus (Faulkner-Valle et al., 1982) . In the present study the 8th and 9th gene segment of UK comigrated electrophoretically so that a definitive genetic coding assignment could not be made for these two segments of bovine virus. Of interest was the finding that the 8th gene segment of DS-1 was associated with serotype specificity, in contrast to the W and Wa strains whose 9th gene coded for serotype. In addition, coding sequence inversions between UK and W (7 and 8), and UK and DS-1 (10 and 11) have been identified. Variation in gene coding sequence among the reoviruses has been well documented (Sharpe et al., 1978) . Recent studies indicate that there are at least three distinct human rotavirus serotypes (Greenberg et al., 1982; . We have made serotype gene coding assignments for two of these. Unfortunately, all the examples of the third human rotavirus serotype we have studied have had 7th, 8th, and 9th gene segments that migrate so closely together that genotype analysis has not been possible. Additional genetic studies of reassortant viruses tracking other phenotypic characteristics such as haemagglutination or protease growth activation should further extend our understanding of rotavirus biology.
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